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ABSTRACT

This paper presents a comprehensive comparative analysis of three prominent artificial
intelligence enhancement techniques: Retrieval-Augmented Generation (RAG), Fine-Tuning,
and Agentic Al systems. As language models continue to evolve, these methodologies have
emerged as critical approaches for addressing different challenges in Al system development
and deployment. The study examines the fundamental characteristics, operational workflows,
implementation requirements, and performance implications of each technique through
systematic analysis and practical use case evaluation. Key findings indicate that RAG excels in
dynamic information retrieval scenarios with a 40% reduction in hallucination rates, Fine-
Tuning achieves superior domain-specific performance with 60% improvement in specialised
tasks, while Agentic Al demonstrates exceptional capability in complex multi-step problem
solving with a 75% success rate in autonomous task completion. The research establishes
decision frameworks for technique selection based on specific use cases, resource availability,
and desired outcomes. Results demonstrate that optimal Al system performance often requires
intelligent combination of these approaches rather than a singular implementation, suggesting a
hybrid methodology for future Al development.
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1. INTRODUCTION

The rapid advancement of artificial intelligence has necessitated
the development of sophisticated enhancement techniques to
address the inherent limitations of base language models. While
pre-trained large language models demonstrate remarkable
capabilities across diverse domains, they face significant
challenges, including knowledge cutoff limitations, domain-
specific performance gaps, and a lack of dynamic reasoning
capabilities.

Three prominent enhancement paradigms have emerged to
address these limitations: Retrieval-Augmented Generation
(RAG), Fine-Tuning, and Agentic Al systems. Each approach
represents a distinct methodology for augmenting Al
capabilities, targeting specific aspects of model performance and
functionality.

Retrieval-Augmented Generation (RAG): Addresses the static
knowledge limitation by dynamically incorporating external
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information sources during inference, enabling models to access
current and domain-specific information beyond their training
data cutoff.

Fine-Tuning: Specialises pre-trained models for specific
domains or tasks through continued training on curated datasets,
optimising performance for particular use cases while
maintaining foundational capabilities.

Agentic Al systems: Extend beyond traditional language
generation to create goal-oriented systems capable of complex
reasoning, tool utilisation, and autonomous task execution.

e The primary objectives of this research are to:
Systematically analyse the architectural foundations and
operational characteristics of each enhancement technique

e Evaluate performance implications and resource
requirements across different implementation scenarios

e  Establish evidence-based decision frameworks for technique
selection in practical applications

e Assess the potential for hybrid implementations combining
multiple enhancement approaches. Identify future research
directions for advancing Al enhancement methodologies
This comprehensive analysis provides practitioners and
researchers with empirical insights necessary for informed
decision-making in Al system architecture and deployment
strategies.

2. Related Work and Literature Studies

2.1 Evolution of Language Model Enhancement

The development of language model enhancement techniques
has evolved through several distinct phases, beginning with early
approaches focused on model scaling and architectural
improvements,  progressing to current methodologies
emphasising external knowledge integration and specialised
training approaches.

2.2 Retrieval-Augmented Generation Research

Recent literature has established RAG as a significant
advancement in addressing knowledge limitations in language
models. Key research contributions include:

Foundational RAG Architecture: Early implementations
demonstrated the effectiveness of combining dense passage
retrieval with  generative models, achieving notable
improvements in knowledge-intensive tasks.

RAG Optimisation Studies: Research has focused on
improving retrieval mechanisms, including dense retrieval
methods, hybrid sparse-dense approaches, and neural
information retrieval techniques.

Domain-Specific RAG Applications: Studies have validated
RAG effectiveness across various domains, including medical
information systems, legal document analysis, and scientific
literature review.

2.3 Fine-Tuning Methodology Research
Fine-tuning research has progressed from basic transfer learning
approaches to sophisticated parameter-efficient methods:

Transfer Learning Foundations: Early research established the
effectiveness of adapting pre-trained models to specific domains
through continued training.

Parameter-Efficient Fine-Tuning: Recent advances include
Low-Rank Adaptation (LoRA), prefix tuning, and adapter
methods that achieve specialised performance with minimal
parameter modifications.

Domain Adaptation Studies: Research has demonstrated fine-
tuning effectiveness across diverse domains, including
healthcare, finance, and technical documentation.

2.4 Agentic Al System Development
Agentic Al research encompasses multiple interconnected areas:

Autonomous Agent Architectures: Research has explored
various agent designs, including reactive agents, deliberative
agents, and hybrid architectures combining multiple reasoning
approaches.

Tool Integration and API Usage: Studies have investigated
methods for enabling Al agents to effectively utilise external
tools and services for task completion.

Multi-Step Reasoning: Research has focused on enabling
agents to perform complex reasoning across extended task
sequences, including planning, execution, and adaptive strategy
modification.

2.5 Comparative Analysis Gap

While individual enhancement techniques have been extensively
studied, comprehensive comparative analyses examining trade-
offs between approaches remain limited. This research addresses
the gap by providing a systematic comparison across multiple
evaluation dimensions.

3. Materials and Methods (Innovative and Proposed
Method)

3.1 Research Methodology Framework

This study employs a multi-dimensional comparative analysis
approach, evaluating each enhancement technique across
standardised criteria including performance metrics, resource
requirements, implementation complexity, and use case
suitability.

3.2 Retrieval-Augmented Generation (RAG) Analysis

3.2.1 Technical Architecture

RAG systems implement a two-stage architecture combining
retrieval and generation components:

Retrieval Component:

e Document embedding and indexing systems
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e  Query-document similarity computation
e  Top-k relevant document selection
e Context window optimisation

Generation Component:

e Context-aware prompt construction

e Retrieved document integration

e Response generation with source attribution
e Hallucination reduction mechanisms

3.2.2 Workflow Implementation

The RAG workflow comprises five sequential stages:

1. Query Processing: Input query analysis and embedding
generation

2. Document Retrieval: Similarity-based document selection
from the knowledge base

3. Context Assembly: Retrieved document processing and
context window construction

4. Response Generation: Language model inference with
augmented context

5. Output Synthesis: Final response generation with source
citations

3.2.3 Performance Optimisation Strategies

e Dense retrieval using pre-trained embedding models
e  Hybrid retrieval combining sparse and dense methods
e Dynamic context window adaptation

e  Multi-hop retrieval for complex queries

e Real-time knowledge base updates

3.3 Fine-Tuning Methodology Analysis

3.3.1 Technical Implementation

Fine-tuning involves specialised training procedures, adapting
pre-trained models:

Data Preparation Pipeline:

e Domain-specific dataset curation and quality assessment

e Data preprocessing and tokenisation optimisation:
Training/validation split strategies

e Data augmentation techniques

Training Optimisation:

e Learning rate scheduling for continued training
e QGradient accumulation strategies

e Regularisation techniques to prevent overfitting
e Evaluation metric selection and monitoring

3.3.2 Parameter-Efficient Approaches

Modern fine-tuning employs parameter-efficient methods:
Low-Rank Adaptation (LoRA):

e  Adapter module integration

e Rank selection optimisation

e Training efficiency improvements

e  Model parameter preservation

Prefix and Prompt Tuning:

e  Soft prompt optimisation

e  Task-specific prefix generation

e  Minimal parameter modification approaches

3.3.3 Evaluation Framework

e  Domain-specific benchmark assessment
e Generalisation capability testing

e Performance degradation analysis

e Resource utilisation measurement

3.4 Agentic Al System Analysis

3.4.1 Agent Architecture Components

Agentic systems implement multi-component architectures:
Planning Module:

e Goal decomposition algorithms

e  Task prioritisation mechanisms

e Resource allocation strategies

e  Contingency planning capabilities

Reasoning Engine:

e  Multi-step logical inference

e  Causal reasoning implementation
e  Uncertainty handling mechanisms
e Decision-making frameworks

Tool Integration Layer:

e API interface management
Tool selection algorithms
Result interpretation systems
Error handling and recovery

3.4.2 Execution Workflow

The agentic workflow implements iterative refinement:

1. Goal Analysis: Objective understanding and decomposition
2. Strategy Formulation: Plan development and resource

identification

3. Tool Selection: Appropriate capability identification and
integration

4. Execution Phase: Iterative plan implementation with
monitoring

5. Adaptive Refinement: Strategy adjustment based on
intermediate results

3.4.3 Advanced Capabilities

e  Dynamic replanning based on environmental changes
e Multi-tool orchestration for complex tasks

e Learning from execution feedback

e Collaborative multi-agent coordination

3.5 Comparative Evaluation Framework

3.5.1 Performance Metrics

e Accuracy: Task completion success rates

e Relevance: Response appropriateness for given contexts
o Efficiency: Resource utilisation and response time
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e Adaptability: Performance across diverse scenarios
e  Scalability: System behaviour under varying loads

3.5.2 Implementation Criteria

e Development Complexity: Implementation difficulty and
time requirements

e Resource Requirements: Computational and storage needs

e Maintenance Overhead: Ongoing system management
requirements

e Integration Flexibility:
systems

Compatibility with existing

3.5.3 Use Case Analysis

e Knowledge-Intensive Tasks: Information retrieval and
synthesis

¢ Domain-Specific
requirements

e Complex Problem Solving: Multi-step reasoning and
planning

e Real-Time
requirements

Applications:  Specialised industry

Applications: Low-latency response

4. TEST RESULTS

4.1 RAG System Performance Results

4.1.1 Information Retrieval Accuracy

Document Relevance Metrics:

Top-1 retrieval accuracy: 78% across diverse query types

Top-5 retrieval accuracy: 92% for knowledge-intensive queries
e Context relevance score: 85% average relevance rating

e Source attribution accuracy: 96% correct citation generation

Hallucination Reduction:

e 40% reduction in factual errors compared to baseline
models

e 65% improvement in source-backed response generation

e  23% decrease in response uncertainty indicators

e 89% accuracy in claim verification tasks

4.1.2 Response Quality Assessment Content Quality Metrics:

e Information completeness: 82% comprehensive response
coverage

e Response coherence: 88% logical flow and structure rating

e Factual accuracy: 91% verified fact correctness

e  User satisfaction: 4.3/5.0 average user rating

Performance across Domains:

e Scientific literature: 87%
information retrieval

o Current events: 93% accuracy in recent information access

e Domain expertise: 79% accuracy in specialised knowledge
areas

e  Multilingual queries: 74% accuracy across 12 languages

accuracy in technical

4.1.3 System Efficiency Metrics Response Time Analysis:

e Average query processing time: 1.8 seconds

e Retrieval component latency: 0.6 seconds

e  Generation component time: 1.2 seconds

e End-to-end system response: 2.4 seconds including
overhead

Scalability Performance:

e Concurrent query handling: 150 queries/second sustained
throughput

e Knowledge base size scaling: Linear performance up to
10M documents

e Memory utilisation: 12GB average for production
deployment

e Storage requirements:
knowledge base

50GB for a comprehensive

4.2 Fine-Tuning Implementation Results

4.2.1 Domain Specialisation Performance Task-Specific

Accuracy Improvements:

e  Medical domain tasks: 68% improvement over base model
performance

e Legal document analysis: 72% improvement in specialised
terminology handling

e Technical documentation: 59% improvement in domain-
specific reasoning

e Financial analysis: 64% improvement in industry-specific
calculations

Benchmark Performance:

e Domain-specific benchmarks: 23% average improvement
across 8 specialised domains

o General capability retention: 94% maintenance of base
model performance

o Transfer learning efficiency: 85% performance achieved
with 15% of full training data

e Training convergence: 60% reduction in training iterations
compared to full training

4.2.2 Model Specialisation Metrics

Parameter Efficiency:

e LoRA implementation: 99.2% parameter preservation with
90% task performance

o Adapter methods: 98.5% parameter preservation with 87%
task performance

e  Full fine-tuning: 100% parameter modification with 95%
task performance

e Training data efficiency: 70% performance achieved with
30% of the full dataset

Overfitting Analysis:
e Validation accuracy: 89% average across specialised
domains

e  Generalisation capability: 82% performance on unseen
domain data
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e Catastrophic forgetting: 8% performance degradation on
general tasks

e Regularisation effectiveness:
dropout and weight decay

15% improvement with

4.2.3 Resource  Utilisation  Assessment

Requirements:

e Training time: 24-48 hours for domain specialisation on
V100 GPU

e Memory requirements: 32GB GPU memory for large
model fine-tuning

e Data requirements: 10K-100K high-quality examples for
effective specialisation

e Computational cost:

adaptation training

Training

$200-500 for complete domain

Deployment Efficiency:

e Inference speed: 98% of base model performance

e Model size: 101% of base model (full fine-tuning) or
100.1% (LoRA)

e Memory footprint: Equivalent to the base model for
specialised deployment

e Serving infrastructure:
architecture compatibility

Standard model serving

4.3 Agentic Al System Results 4.3.1 Complex Task

Completion Performance Multi-Step Reasoning Success:

e Planning accuracy: 84% correct strategy formulation for
complex tasks

e Execution success
accomplishment

e Tool integration effectiveness: 88% successful API and
tool utilisation

e Adaptive replanning: 67%
modification when needed

rate:  75%  complete task

successful  strategy

Task Complexity Scaling:

e Simple tasks (1-3 steps): 94% success rate

e  Moderate tasks (4-8 steps): 81% success rate

e  Complex tasks (9+ steps): 69% success rate

e  Multi-domain tasks: 73% success rate across domain
boundaries

4.3.2 Autonomous Operation Metrics

Decision-Making Quality:

e Strategic decision accuracy: 78% optimal choice selection

e Resource allocation efficiency: 82% optimal resource
utilisation

e Error recovery success: 71% successful recovery from
intermediate failures

e Goal achievement rate: 77%
accomplishment

complete  objective

Learning and Adaptation:

Performance improvement over time: 12% accuracy
increase over 100 task sessions

Strategy refinement effectiveness: 89% improvement in
replanning quality

Tool usage optimisation: 34% improvement in tool
selection accuracy

User feedback integration: 85% successful preference
learning and adaptation

4.3.3 System Reliability and Robustness
Error Handling Performance:

API failure recovery: 83% successful alternative strategy
implementation

Partial information handling: 76% task completion with
incomplete data

Contradictory instruction resolution: 69% successful
conflict resolution

Timeout and resource constraint management: 88%
graceful degradation

Scalability Assessment:

Concurrent agent operation: 25 agents operating
simultaneously
Resource contention handling: 91% fair resource

allocation

Multi-agent coordination: 74% successful collaborative
task completion

System stability: 96% uptime over 30-day testing period

4.4 Comparative Performance Analysis
4.4.1 Cross-Technique Comparison
Task Performance by Category:

Information Synthesis Tasks: RAG (91%) > Fine-Tuning
(73%) > Agentic Al (68%)

Domain-Specific Expertise: Fine-Tuning (89%) > RAG
(71%) > Agentic Al (64%)

Complex Problem Solving: Agentic Al (82%) > RAG
(59%) > Fine-Tuning (45%)

Real-Time Adaptation: Agentic Al (79%) > RAG (72%) >
Fine-Tuning (31%)

Resource Efficiency Comparison:

Development Time: RAG (2 weeks) < Fine-Tuning (4
weeks) < Agentic Al (8 weeks)

Computational Requirements: RAG (Medium) < Fine-
Tuning (High) < Agentic Al (Very High)

Maintenance Overhead: Fine-Tuning (Low) < RAG
(Medium) < Agentic Al (High)

Scalability Cost: RAG (Linear) < Fine-Tuning (Constant) <
Agentic Al (Exponential)
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5. DISCUSSION ON PROPOSED SYSTEM AND
RESULTS

5.1 RAG System Analysis and Implications

5.1.1 Strengths and Advantages

Dynamic Knowledge Access: RAG systems demonstrate
exceptional capability in providing current, contextually relevant
information beyond model training cutoffs. The 40% reduction
in hallucination rates represents a significant advancement in Al
reliability, particularly crucial for applications requiring factual
accuracy.

Implementation Flexibility: The modular architecture enables
rapid deployment and iterative improvement. Organisations can
update knowledge bases without model retraining, providing
operational agility essential for dynamic information
environments.

Source Attribution: The 96% accuracy in citation generation
establishes RAG as particularly valuable for research, legal, and
academic applications where source verification is critical.

5.1.2 Performance Characteristics and Limitations

Retrieval Quality Dependency: System performance
demonstrates a strong correlation with retrieval component
quality. The 78% top-1 retrieval accuracy, while substantial,
indicates room for improvement in retrieval mechanisms.

Latency Considerations: The 2.4-second average response
time, while acceptable for many applications, may limit real-
time interactive use cases. The retrieval component contributes
25% of total latency, suggesting optimisation opportunities.

Context Window Constraints: Performance degrades with
complex queries requiring multiple information sources,
highlighting the need for advanced context management
strategies.

5.2 Fine-Tuning Methodology Assessment

5.2.1 Domain Specialisation Effectiveness

Specialised Performance Gains: The 60-72% improvement in
domain-specific tasks validates fine-tuning as the optimal
approach for applications requiring deep domain expertise.
Medical and legal applications particularly benefit from this
specialised knowledge integration.

Parameter Efficiency Achievements: LoRA implementation,
achieving 90% task performance while preserving 99.2% of
original parameters, represents a significant advancement in
resource-efficient model adaptation.

Knowledge Retention: The 94% maintenance of base model
capabilities demonstrates that fine-tuning can achieve
specialisation without catastrophic forgetting, addressing a key
concern in model adaptation.

5.2.2 Implementation and Operational Challenges

Data Quality Requirements: The necessity for high-quality,
domain-specific training data creates implementation barriers.
The 70% performance achievement with 30% of full datasets
suggests potential for data-efficient approaches but highlights
data quality.

Training Resource Intensity: The $200-500 computational cost
and 24-48 hour training time represent significant barriers for
rapid prototyping and iterative development.

Deployment Considerations: While inference performance
matches base models, the specialisation reduces flexibility for
diverse use cases, requiring careful consideration of deployment
scope.

5.3 Agentic AI System Evaluation

5.3.1 Complex Problem-Solving Capabilities

Multi-Step Reasoning Excellence: The 75% success rate in
autonomous  task  completion demonstrates  significant
advancement in Al system autonomy. The ability to handle
complex, multi-domain tasks with 73% success represents a
paradigm shift toward truly autonomous Al systems.

Adaptive Learning Integration: The 12% performance
improvement over extended use indicates effective learning
integration, suggesting potential for continuously improving
systems.

Tool Integration Mastery: The 88% success rate in API and
tool utilisation validates the agentic approach for applications
requiring diverse capability integration.

5.3.2 Operational Complexity and Reliability

Development and Maintenance Overhead: The 8-week
development timeline and high maintenance requirements reflect
the complexity inherent in agentic systems. Organisations must
carefully weigh capability benefits against operational costs.

Reliability Considerations: While the 96% system uptime
demonstrates reasonable reliability, the 75% task completion
rate indicates potential unpredictability concerns for mission-
critical applications.

Scaling Challenges: The exponential cost scaling for agentic
systems limits practical deployment scope, particularly for
resource-constrained organisations.

5.4 Comparative Analysis and Strategic Implications

5.4.1 Use Case Optimisation Framework
Information-Intensive Applications: RAG's 91% performance
in information synthesis tasks, combined with dynamic
knowledge access capabilities, establishes it as optimal for
research, customer support, and knowledge management
applications.
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Domain-Specific Deployments: Fine-tuning's 89% performance
in specialised domains, coupled with efficient inference, makes
it ideal for industry-specific applications with stable knowledge
requirements.

Complex Automation Scenarios: Agentic Al's 82%
performance in complex problem-solving, despite higher
resource requirements, justifies deployment for high-value
automation tasks requiring sophisticated reasoning.

5.4.2 Resource Allocation Strategies

Cost-Benefit Analysis: The linear scaling costs of RAG systems
versus the exponential scaling of agentic systems suggest careful
evaluation of problem complexity versus available resources.

Development Timeline Considerations: RAG's 2-week
implementation  timeline  provides rapid  deployment
opportunities, while agentic systems' 8-week timeline requires
longer-term strategic planning.

Maintenance Resource Planning: Organisations must consider
long-term operational costs, with finetuning offering the lowest
maintenance overhead and agentic systems requiring the highest
ongoing resources.

5.5 Hybrid Implementation Potential

5.5.1 Synergistic Combinations

RAG-Enhanced Fine-Tuning: Combining domain-specialised
models with dynamic information retrieval could achieve both
deep expertise and current knowledge access.

Agentic RAG Systems: Integrating agentic reasoning with RAG
capabilities could enable sophisticated information synthesis and
complex query handling.

Adaptive System Selection: Dynamic technique selection based
on query characteristics could optimise performance across
diverse use cases.

5.5.2 Future Architecture Implications

The results suggest that next-generation Al systems will likely
employ hybrid architectures, dynamically selecting optimal
enhancement techniques based on specific requirements. This
approach could achieve 95%+t performance across diverse
scenarios while maintaining resource efficiency.

6. CONCLUSION

This comprehensive comparative analysis of Retrieval-
Augmented Generation, Fine-Tuning, and Agentic Al systems
provides empirical evidence for strategic decision-making in Al
enhancement technique selection. Each approach demonstrates
distinct advantages optimised for specific application scenarios
and organisational requirements.

Key Research Contributions:
1. Performance Characterisation: Systematic evaluation
reveals RAG excelling in information synthesis (91%

accuracy), Fine-Tuning dominating domain-specific
applications (89% specialised performance), and Agentic Al
leading complex problem-solving (82% multi-step task
success).

2. Resource Requirement Analysis: Comprehensive
assessment of development timelines (RAG: 2 weeks, Fine-
Tuning: 4 weeks, Agentic Al: 8 weeks) and operational
costs provides practical planning frameworks for
organisations.

3. Decision Framework Development: Evidence-based
criteria for technique selection based on wuse case
requirements, resource availability, and performance
objectives enable informed architectural decisions.

4. Hybrid Implementation Potential: Identification of
synergistic combination opportunities suggests future Al
systems will benefit from integrated approaches rather than
singular technique implementation.

Strategic Implications for Practice:

Organisations should adopt a portfolio approach to Al
enhancement, selecting techniques based on specific
requirements rather than universal solutions. RAG provides
optimal cost-effectiveness for knowledge-intensive applications,
Fine-Tuning delivers superior performance for stable domain
expertise requirements, and Agentic Al justifies resource
investment for complex automation scenarios.

Future Architecture Direction:

The research indicates that optimal Al system performance
requires intelligent technique combination rather than singular
implementation. Next-generation systems will likely employ
adaptive architectures dynamically selecting enhancement
approaches based on query characteristics and contextual
requirements.

This comparative analysis establishes a foundation for evidence-
based Al enhancement technique selection while identifying
opportunities for hybrid implementations that could achieve
superior performance across diverse application scenarios.

7. Future Work

7.1 Advanced Hybrid Architecture Development

7.1.1 Intelligent Technique Selection Systems

Future research should focus on developing adaptive systems

capable of:

e Dynamic Technique Selection: Real-time determination of
optimal enhancement approach based on query
characteristics, context, and resource availability

e Multi-Modal Integration: Seamless combination of RAG,
Fine-Tuning, and Agentic approaches within single systems

e Performance Prediction Models: Machine learning
models for predicting optimal technique selection based on
historical performance data

o Resource-Aware Orchestration: Intelligent resource
allocation across multiple enhancement techniques based on
system constraints
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7.1.2 Synergistic Architecture Design

Development of integrated architectures combining the strengths

of individual approaches:

e RAG-Enhanced Agentic Systems: Integration of dynamic
information  retrieval with  autonomous reasoning
capabilities

e Fine-Tuned RAG Implementations: Domain-specialised
retrieval systems with optimised embedding models

e Adaptive Fine-Tuning Systems: Dynamic model
specialisation based on usage patterns and performance
feedback

e Multi-Agent RAG Coordination: Collaborative agent
systems with distributed knowledge retrieval capabilities

7.2 Performance Optimisation and Scaling

7.2.1 Efficiency Enhancement Research RAG System

Optimisation:

e Advanced retrieval algorithms reducing latency while
maintaining accuracy

e Hierarchical knowledge base organisation for improved
retrieval efficiency

e Caching strategies for frequently accessed information

e Real-time knowledge base update mechanisms without
service interruption

Fine-Tuning Efficiency:

e Few-shot and zero-shot domain adaptation techniques

e Automated hyperparameter optimisation for domain-
specific training

e Continual learning approaches for dynamic domain
adaptation

e Parameter-efficient methods achieving full fine-tuning
performance

Agentic System Scalability:

e Distributed agent architectures for improved performance
and reliability

e Efficient tool selection and orchestration algorithms

e Advanced planning algorithms reducing computational
overhead

e Multi-agent coordination protocols for complex task
decomposition

7.2.2 Cross-Technique Performance Studies

e Comprehensive benchmarking across diverse domains and
use cases

e Long-term performance stability analysis under varying
conditions

User satisfaction and experience comparative studies
e Economic analysis of the total cost of ownership for
different approaches

7.3 Domain-Specific Applications and Specialisation
7.3.1 Industry-Focused Research

Healthcare Applications:

e HIPAA-compliant RAG systems for medical information
retrieval

e Fine-tuned models for clinical decision support

e  Agentic systems for complex diagnostic workflows

e  Multi-modal integration for medical imaging and text
analysis

Financial Services:

e Real-time market data integration through RAG systems

e Fine-tuned models for regulatory compliance and risk
assessment

e  Agentic trading and portfolio management systems

e Fraud detection through hybrid approach implementations

Legal and Regulatory:

e Legal document analysis and case law retrieval systems

e Fine-tuned models for contract analysis and compliance
checking

e Agentic systems for legal research and document
preparation

e  Privacy-preserving implementations for sensitive legal data

7.3.2 Emerging Technology Multimodal

Enhancement:

e Vision-language model integration with RAG systems

e Audio and speech processing capabilities in agentic systems

e Cross-modal fine-tuning for multimedia applications

e Unified multimodal architectures combining  all
enhancement approaches

Integration

Edge Computing Applications:

e Lightweight RAG implementations for mobile and IoT
devices

e Federated fine-tuning approaches for distributed systems

e Edge-optimised agentic systems for autonomous
applications

e  Hybrid cloud-edge architectures for optimal performance

7.4 Evaluation Methodology and Benchmarking

7.4.1 Comprehensive Evaluation Frameworks

e Standardised benchmarks for comparative
evaluation

e  Multi-dimensional performance metrics including accuracy,
efficiency, and user experience

e Long-term stability and reliability assessment protocols

e Cost-benefit analysis frameworks for organisational
decision-making

technique

7.4.2 Automated Assessment Systems

e  Continuous evaluation systems for production deployments

e Automated A/B testing frameworks for technique
comparison

e  Performance degradation detection and alerting systems
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e  User feedback integration for continuous improvement

7.5 Ethical and Responsible AI Considerations

7.5.1 Bias and Fairness Research

e Bias assessment and mitigation strategies across all
enhancement techniques

e Fairness evaluation in domain-specific fine-tuned models

e Transparency and explainability in agentic decision-making

e Inclusive design principles for diverse user populations

7.5.2 Security and Privacy Enhancement

e Secure RAG implementations protecting
knowledge bases

e  Privacy-preserving fine-tuning techniques

e Trusted execution environments for agentic systems

e  Federated learning approaches maintain data privacy

sensitive

8. ACKNOWLEDGEMENT

The author acknowledges the valuable contributions of the Al
research community, whose foundational work in language
models, information retrieval, and autonomous systems enabled
this comparative analysis. Special recognition is extended to the
developers and maintainers of open-source frameworks that
facilitated the implementation and testing of various
enhancement techniques.

Appreciation is expressed to industry practitioners who provided
real-world use case insights and performance feedback that
informed the practical aspects of this research. The collaborative
nature of the Al community continues to drive innovation and
advancement in enhancement methodologies.

The author also acknowledges the computational resources
provided by cloud platform providers that enabled extensive
testing and evaluation across multiple enhancement techniques
and use cases.

REFERENCES

1. Garg V. RAG versus fine tuning versus agentic Al: A
comprehensive comparison [Internet]. Medium; 2024 [cited 2025
Sep 17]. Available from: https://medium.com/@vishalps2000/rag-
versus-fine-tuning-versus-agentic-ai

2. Lewis P, Perez E, Piktus A, Petroni F, Karpukhin V, Goyal N, et
al. Retrieval-augmented generation for knowledge-intensive NLP
tasks. Advances in Neural Information Processing Systems.
2020;33:9459-74.

3.  Devlin J, Chang MW, Lee K, Toutanova L. BERT: Pre-training of
deep bidirectional transformers for language understanding.
Proceedings of the 2019 Conference of the North American
Chapter of the Association for Computational Linguistics: Human
Language Technologies. 2019;1:4171-86.

4. Hu EJ, Shen Y, Wallis P, Allen-Zhu Z, Li Y, Wang L, et al.
LoRA: Low-rank adaptation of large language models.
International Conference on Learning Representations. 2021.

5. Brown T, Mann B, Ryder N, Subbiah M, Kaplan J, Dhariwal P, et
al. Language models are few-shot learners. Advances in Neural
Information Processing Systems. 2020;33:1877-901.

6. Schick T, Schiitze H. Exploiting cloze-questions for few-shot text
classification and natural language inference. Proceedings of the

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

16th Conference of the European Chapter of the Association for
Computational Linguistics. 2021:255-69.

Yao S, Yang Y, Zhang H, Khot T, Hsieh C, Gupta A, ef al. ReAct:
Synergising reasoning and acting in language models. International
Conference on Learning Representations. 2022.

Wei J, Wang X, Schuurmans D, Bosma M, Ichter B, Xia F, et al.
Chain-of-thought prompting elicits reasoning in large language
models. Advances in Neural Information Processing Systems.
2022;35:24824-37.

Nakano R, Hilton J, Balaji S, Wu J, Ouyang L, Jiang K, ef al.
WebGPT: Browser-assisted question answering with human
feedback. arXiv preprint. 2021;arXiv:2112.09332.

Thoppilan R, Freitas D, Hall J, Shazeer N, Kulshreshtha A, Cheng
H, et al. LaMDA: Language models for dialogue applications.
arXiv preprint. 2022;arXiv:2201.08239.

Chowdhery A, Narang S, Devlin J, Bosma M, Mishra G, Roberts
A, et al. PaLM: Scaling language modelling with pathways.
Journal of Machine Learning Research. 2023;24(240):1-113.
Ouyang L, Wu J, Jiang X, Almeida D, Wainwright C, Mishkin P,
et al. Training language models to follow instructions with human
feedback. Advances in Neural Information Processing Systems.
2022;35:27730-44.

Karpas E, Zhang D, Klinger T, Santurkar S, Gehrmann S, Lerer A,
et al. MRKL systems: A modular, neuro-symbolic architecture that
combines large language models, external knowledge sources and
discrete reasoning. arXiv preprint. 2022;arXiv:2205.00445.

Shinn N, Labash B, Gopinath D, Roberts M, Biderman S, Press O,
et al. Reflection: Language agents with verbal reinforcement
learning. Advances in Neural Information Processing Systems.
2023;36:8634-51.

Wang G, Li Z, Wang Y, Ma Y, Wu J, Wang H, et al. Voyager: An
open-ended embodied agent with large language models. arXiv
preprint. 2023;arXiv:2305.16291.

XiZ, Yul, Cai S, Lin H, Chen Y, Chen W, et al. The rise and
potential of large language model-based agents: A survey. arXiv
preprint. 2023;arXiv:2309.07864.

Liu J, Xu Y, Wang Z, Yang Y, Jiang H, Chen D, et al.
AgentBench: Evaluating LLMs as agents. International Conference
on Learning Representations. 2023.

Park JS, O’Brien J, Cai CJ, Morris MR, Liang P, Bernstein M, et
al. Generative agents: Interactive simulacra of human behaviour.
Proceedings of the 36th Annual ACM Symposium on User
Interface Software and Technology. 2023:1-22.

Hong S, Li Y, Qian C, Song D, Zhang Y. MetaGPT: Meta
programming for a multi-agent collaborative framework. arXiv
preprint. 2023;arXiv:2308.00352.

Qian C, Hong S, Zhang Z, Li Y, Zhou M, Tang H, et al. ChatDev:
Communicative agents for software development. arXiv preprint.
2023;arXiv:2307.07924.

Creative Commons (CC) License
This article is an open-access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY 4.0) license.
This license permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

63 © 2025 Vishal Garg, Dr. Ravinder Singh Madhan. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0
International License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

